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Abstract
Previous studies in rodents have demonstrated the profound effects that variations in
maternal care play during the postnatal development of the brain. However, much less is
known about how maternal care affects hearing development. Recently, manipulations of
maternal care have been investigated to accelerate hearing onset. We hypothesized that
accelerated hearing development results from changes in maternal care behavior. To test
this hypothesis, we used a selection model in which natural variations in maternal care
were identified in a large cohort of dams by measuring the frequency of different
behaviors including LG followed by selection of dams with LG scores higher or lower
than one standard deviation from the mean. To measure changes in the development of
the auditory system, we assessed startle response and ABR in high-LG offspring and lowLG offspring obtained from selection experiments. We found evidence of differences in
hearing development in low-LG offspring compared with high-LG offspring, including
early startle responses, statistically significant lower ABR thresholds on P14. Statistical
analysis on the latencies and amplitudes of ABR waves (waves I-IV) evoked in peripheral
and central auditory system showed statistically significant shorter wave I and wave IV
latencies in low-LG offspring compared to high-LG offspring. These results provide
evidence that pups reared by high-LG dams have a delayed hearing development
compared to pups reared by low-LG dams. A deeper understanding of the mechanisms by
which maternal care behavior influences hearing development can provide new insight
into the experience-dependent development of hearing in health and disease.
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1. Introduction
Early life experience during sensitive periods in development can induce long-term
effects on the physiological and psychological development of offspring. In altricial
species, such as rats, maternal care behavior during a postnatal period is the main source
of early life experience and is capable of impacting divergent aspects of development
such as stress reactivity, emotional behavior and cognition (see Table 1). The offspring of
high-LG dams showed reduced stress reactivity compared with the offspring reared by
low-LG dams (Liu et al., 1997; Caldji et al., 1998; Menard et al., 2007). Moreover,
(Hancock et al., 2005) found that female offspring reared by high-LG dams were less
vulnerable to stress-induced binge eating compared with female offspring reared by lowLG dams. Some studies showed that maternal LG behavior was associated with
reproductive behavior of offspring. Specifically, female offspring of high-LG dams
showed less sexual receptivity and motivation to mate and in turn had a lower level of
pregnancy rate (Cameron, Fish et al., 2008; Carmen, del Corpo et al., 2008). Also,
increased social interaction and advanced spatial learning and memory of offspring of
high-LG vs. low-LG rat dams demonstrated the role of maternal LG behavior in social
behavior and cognition (Starr-Phillips et al., 2014; Liu et al., 2000). These results indicate
that maternal care behavior has a high correlation with behavioral development of the
offspring.
Aside from those explorations of impact of maternal care behavior on behavioral
development, several studies were performed to identify the relationship between
maternal care and physiological development (see Table 2). It was found that maternal
!2

care has implications in the development and function of the hippocampus. Specifically,
high-LG offspring showed increased LTP in dorsal hippocampus but decreased LTP and
intrinsic excitability in ventral hippocampus (Bagot et al., 2012; Nguyen et al., 2015).
Morphological study of hippocampus demonstrated that offspring reared by high-LG
dams showed increased level of synaptic density and neuronal survival compared with
the offspring of low-LG dams (Nguyen et al., 2015; Bredy et al., 2003). Furthermore,
(Smit-Rigter et al., 2009) found that variation in maternal LG behavior had a profound
impact on dendritic morphology and synaptic function in the somatosensory cortex.

Table1
Impact of high vs. low maternal LG behavior on behavioral development.
________________________________________________________________________
Behavior
Effect of high vs. low maternal LG
Reference
________________________________________________________________________
Stress reactivity

Reproductive behavior

↓vulnerability to stress-induced
binge eating in female rats
↓fear reactivity
↓stress reactivity

Hancock et al., 2005
Caldji et al., 1998
Caldji et al., 2000
Liu et al., 1997

↓behavioral defensiveness

Menard et al., 2007

↓sexual receptivity and motivation
to mate in female rats
↓pregnancy rate

Cameron, et al., 2008
Cameron et al., 2008
Cameron et al., 2008

Social behavior
↑social interaction
Starr-Phillips et al., 2014
Cognition
↑spatial learning and memory
Liu et al., 2000
________________________________________________________________________
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Table 2
Impact of high vs. low maternal LG behavior on physiological development.
________________________________________________________________________
Physiology
Effect of high vs. low maternal LG
Reference
________________________________________________________________________
Somatosensory cortex
↓dendritic complexity
Smit-Rigter et al., 2012
↓spine density
↓amplitude of spontaneous
postsynaptic current
Hippocampus

↑LTP in dorsal hippocampus
↓LTP and intrinsic excitability in
ventral hippocampus
↑synaptic density
↑neuronal survival in hippocampus

Bagot et al., 2012
Nguyen et al., 2015

Bredy et al., 2003

↑dendritic length in CA1 cells
Champagne et al., 2008
↑higher spine density in CA1 cells
________________________________________________________________________

Taken together, these findings indicate that variations in maternal care have implications
in the development of behavior and physiology of offspring. However, few experiments
were performed to identify the effects of maternal care behavior on auditory development
of offspring. (Adise et al., 2014) found that handling (H) and cross fostering (CF) rat
pups during a postnatal sensitive period accelerated hearing development. Furthermore,
several studies showed that manipulation of maternal care altered maternal LG behavior
(Liu et al., 1997; Maccari et al., 1995). These findings suggest that accelerated hearing
development may result from changes in maternal care behavior. However, the
relationship between maternal care behavior and hearing development is unknown.
Therefore, the main objective of our study is to examine the role of maternal care in the
development of peripheral auditory system and central auditory system in Wistar rats. To
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achieve this goal, we used a combination of maternal behavioral selection and auditory
electrophysiology in pups to identify the relationship between maternal care and hearing
development.

2. Materials and Methods
2.1 Animals
Experimental protocols were approved by the Institutional Animal Care and Use
Committee of the City College of New York. The animals used in our study were housed
in 18 × 8 ×10 inch Ventilated Plexiglas rodent cages and kept under a 12 h light / dark
cycle (lights on at 7 am). Room temperature was 68 ± 4℉, humidity was 50% ± 10%.
Clean cage change twice a week and food and water were provided.
Male and female Wistar rats were obtained from Charles River Lab Vendor, males were
obtained at age of 70 days and females were obtained at age of 56-70 days. One male and
two females were housed together for mating. After 5 days, the females were separated
and housed individually. After 22 days gestation, we checked for birth everyday at 9 am,
12 pm and 5 pm. The day of birth was designated postnatal day 0 (P0).

2.2 Maternal care observation and scoring
When pups were born they were weighed and placed with their mother in a clean cage.
Maternal care observation was performed from P1 to P6 at five times during the day: 6
am, 9 am, 1 pm, 5 pm and 9 pm (2 hours in dark and 3 hours in the light cycle). For each
observation, each cage was scored every 3 minutes with 1 hour total observation
duration. Documented behaviors included contact with pups, nursing posture, LG (dams
!5

licking the anogenital region or head / body of any pup in the litter), nest building, eating,
drinking, self-grooming and no contact with pups. Data was analyzed and reported as the
percentage of observations in which that behavior was observed. Dams and litters were
selected if LG scores were higher or lower than one SD from the mean (Champagne et
al., 2003). Some of the selected litters with high-LG and low-LG scores were housed for
developmental assessment until pups reached P21 while some high-LG and low-LG
litters were used for other experiments.

2.3 Startle and eye opening
Startle response is a protective muscle movement that can be evoked by a sudden
acoustic stimulus, so startling is the first step to qualify the development of the auditory
system. Startle response was evaluated from P10 to P15, and on P21. We startled pups by
snapping toward them individually, responses were scored accordingly. After testing for
startle response, pups were checked for evidence of eye opening.

2.4 ABR measurement
ABRs were measured in all pups reared by high-LG and low-LG dams from P10 to P15
and on P21. As described in (Alvarado et al., 2012), rats were anesthetized with 5%
isoflurane for induction, 1.5% for maintenance. During ABR experiment, pups were
placed in a double wall sound-attenuating chamber (IAC), where they were placed on a
heating pad set to 37°C. Sub-dermal electrodes were used for ABR recording. The
reference electrode needle was placed behind the right ear, channel 1 was placed at the
vertex and another electrode was placed at the shoulder serving as ground. Clicks were
delivered via a free-field electrostatic speaker with the intensity ranging from 82 dB to 2
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dB by reducing the intensity in 5 dB steps. All the waveforms at different intensities were
recorded and stored in BioSig software and were analyzed by Igor Pro.

2.5 Primary auditory pathway
ABRs are a set of waves induced by sounds such as clicks or pure tones. As is shown in
Figure 1, the electrical signals are transduced in the cochlea and transmitted along the
primary auditory pathway from the cochlear nuclei to the auditory cortex. ABR wave I-V
represent activities from the auditory nerve (wave I), cochlear nuclei (wave II), superior
olivary complex (wave III), lateral lemniscus (wave IV) and inferior colliculus (V).

Emami SF et al., ISRN Otolaryngol. 2014: 103598

Figure 1.The neural generators of auditory brainstem response in afferent auditory pathway.
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2.6 Wave I and ABR threshold
Wave I is the first clear wave with a peak that occurs around 2 ms of sound presentation
(Figure 2A). ABR threshold was set at the amplitude of wave I four times the SD above
baseline noise (Figure 2B, C) (Bogaerts et al., 2009). The peak amplitude represents the
maximum absolute amplitude of wave I. The noise is defined as voltage fluctuations
between 8 ms and 10 ms.
A

B

C

Figure 2. A, Example of a representative
ABR waveform from a rat pup on P21. In
the figure, a indicates the amplitude of
wave I, b indicates the peak of wave I and c
indicates that wave I has a latency around 2
ms. B, Traces of ABRs evoked by click
stimuli ranging from 82 dB to 2 dB. Red
and green lines indicate ABR trace at 82
dB, 2 dB, respectively. The automatic
threshold detection based on the ratio
between wave I and SD of the baseline
noise (boxed area). C, Plot of ratio between
wave I and noise, threshold is obtained
when peak amplitude exceeds four times
the SD.
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2.7 Analysis and statistics
Unless indicated, data represented mean ± SEM. Comparison of LG scores from three
selection experiments and ABR thresholds changes during postnatal age were assessed
with a two-way ANOVA Tukey’s multiple comparisons test. A50 values, latencies and
amplitudes of wave I and wave IV were compared with Mann-Whitney U test. Curve
fitting was done with Igor Pro software and statical analysis was done with Prism 7
(GraphPad Software).
Data in Figure 4A, 8A was fitted to Equation 1:
Y = base + { max / (1 + exp [ (x-half - x) / rate ] }

(1)

In Equation 1, base is the minimum observed Y (i.e., percentage of pups with startle
response, eye opening), max is the maximum observed Y, x-half is A50, it means the age
at which 50% of the pups show startle response and eye opening, x is age (days), and rate
is a constant.
Data in Figure 6B was fitted to Equation 2:
Y = y0 + A exp { - (x - x0) / τ }

(2)

* A = Y0 - y0, τ = 1 / k
In Equation 2, Y0 is the Y value when x (day) is zero. y0 is the ABR threshold on P21, x is
age (day), x0 is P12 , τ is a time constant, and k is the rate constant.
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3. Results
3.1 Natural variations in maternal LG behavior
Three selection experiments were performed and maternal care was scored in 97 litters.
The behavioral data for each female was analyzed and reported as the percentage of
observations in which that behavior was observed. There were slight differences in the
distribution of LG scores (see Table 3).
Table 3
Mean, SD and range of LG scores obtained from three selection experiments.
________________________________________________________________________
Selection experiment
1st
2nd
3rd
________________________________________________________________________
n
36 cages
36 cages
25 cages
mean% LG
10.97
9.77
7.25
SD
2.67
1.78
2.18
range
11.53
7.17
10.67
minimum
5.92
5.5
3
maximum
17.45
12.67
13.67
________________________________________________________________________

Several high-LG and low-LG dams were obtained based on the selection criteria. We
performed a two-way ANOVA test on LG scores of three selection experiments.
Comparison of LG scores of low-LG dams from three different selection experiments
showed that there were statistically significant differences between 1st and 3rd (7.30 ±
0.64 in 1st selection experiment vs. 3.75 ± 0.75 in 3rd selection experiment, P < 0.01,
Figure 3), and between 2nd and 3rd selection experiments (7.03 ± 0.52 in 2nd selection
experiment vs. 3.75 ± 0.75 in 3rd selection experiment, P < 0.01, Figure 3). We also
found there were statistically significant differences in LG scores of high-LG dams
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between 1st and 2nd (15.53 ± 0.55 in 1st selection experiment vs. 12.03 ± 0.12 in 2nd
selection experiment, P < 0.01, Figure 3), and between 1st and 3rd selection experiments
(15.53 ± 0.55 in 1st selection experiment vs. 11.50 ± 1.21 in 3rd selection experiment, P
< 0.01, Figure 3).

Figure 3. LG scores of dams from three selection experiments. Data represents mean, SEM. N
values inserted in bars represent number of dams. Asterisks indicate statistically significant
differences in LG scores between two selection experiments (two-way ANOVA; **P < 0.01;
***P< 0.01).

3.2 Early hearing onset in Low-LG offspring: percentage of pups with
startle response
By plotting the percent pups per litter with a startle response at different ages, we found
that the percentage of pups with startle response increased as age increased between P10
to P16 in both high-LG and low-LG litters (Figure 4A). To quantify the difference of
startle response in pups reared by dams with high and low LG score, we fitted the data in
Figure 4A with a sigmoid function and obtained the A50 value (age at which 50% of pups
had a startle response). To further quantitatively assess these observations, a scatter plot
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analysis was performed to verify whether the A50 value is correlated to maternal LG
behavior. A significant positive correlation was found between A50 values and LG scores
(r = 0.64, P = 0.0079, Figure 4B), suggesting that low-LG offspring had early hearing
onset compared with high-LG offspring. To further quantitatively assess the differences
of hearing onset between low-LG and high-LG offspring, we performed a Mann-Whitney
U test on A50 values. However, there were no statistically significant differences in A50
values between low-LG offspring and high-LG offspring (11.75 in low-LG offspring vs.
12.9 in high-LG offspring, n = 7 and 9, respectively, P > 0.05, Figure 4C).
A

B

C

Figure 4. A, Differences in development
of startle response of pups from 10 highLG litters and 8 low-LG litters. B, Scatter
plot shows a significant correlation (r =
0.64, P = 0.0079) between maternal LG
behavior and hearing onset. C, Summary
of A50 values of startle response in lowLG and high-LG offspring, n.s. indicates
no statistically significant differences
between low-LG and high-LG pups
(Mann-Whitney U test; P > 0.05). Data
are mean ± SEM.
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3.3 Development of auditory system
To get a more quantitative measurement of functional changes in the auditory system, we
tracked ABR responses in individual pups from P10 to P15 and on P21. Exemplar ABR
waveforms of an individual pup across P10 to P15 and on P21 are shown in Figure 5. The
earliest age that wave I was detected was P12 with the threshold of 97 dB. As age
increased between P12 and P21, ABR thresholds decreased. Aside from changes of ABR
thresholds during development, we also detected waveform changes as age increased
between P12 and P21. A small SP was only detected on P12 and P13 at relatively high
sound intensities (82-102 dB). The SP is the stimulus-related potential of the hair cells
since they move in chorus with basilar membrane (Tasaki I et al., 1954). In both low-LG
and high-LG offspring, SP was more obvious on P12 and P13 compared to P14, P15 and
P21. It can be explained that the amplitude of wave I was much smaller on P12 and P13
compared with P14, P15 and P21. Therefore, the SP was relatively bigger compared to
wave I, in other words, it was more obvious in younger pups. As age increased, more
ABR waves were detected at relatively low sound intensity (37 ± 10 dB), indicating the
development of both peripheral and central auditory system.

!13

Figure 5. Development of ABRs from P10 to P15 and on P21 in an individual rat. Traces are
organized in columns corresponding to different ages, the number above each waveform indicates
stimulus intensity (dB) for that trace. Arrow indicates wave I, red waveform indicates ABR
threshold and black asterisk indicates SP.
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3.4 Lower ABR thresholds in low-LG offspring on P14
As shown in Figure 6A, auditory responses in a majority of litters had an onset around
P12. ABR thresholds in low-LG and high-LG pups decreased between P12 and P21.
Comparison of ABR thresholds between low-LG and high-LG pups showed that
thresholds in low-LG offspring were significantly lower on P14 (two-way ANOVA, 53.9
± 1.9 dB in low-LG pup vs. 63.1 ± 2.8 dB in high-LG pups, n = 39 and 50, respectively, P
< 0.05, Figure 6A). However, we did not find statistically significant differences between
low-LG and high-LG pups on P12, P13, P15 and P21. Fitting data to a single exponential
function, the rate of ABR threshold change was interpreted by threshold decay with a
time constant τ as it is computed as the reciprocal of rate constant k. However, we did not
find significant correlation between LG scores and τ values (r = 0.66, P = 0.1084, Figure
6C), suggesting that there were no statistically significant differences in rate change of
ABR thresholds between pups reared by low-LG dams and pups reared by high-LG
dams.
A
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B

C

Figure 6. A, ABR thresholds of low-LG and high-LG offspring at different ages. Black asterisks
represent statistically significant differences between low-LG pup thresholds and high-LG pup
thresholds. (two-way ANOVA test; *P < 0.05). B, The threshold decay was fit as a single
exponential with a time constant τ (color lines) C, Scatter plot shows no significant correlation (r
= 0.66, P = 0.1084) between maternal LG scores and τ values.

3.5 Shorter wave I and wave IV latencies in low-LG offspring
On P21, in both groups, ABR responses showed four distinct peaks (Figure 7A). In order
to compare the development of the auditory system of low-LG and high-LG offspring, we
analyzed the latency and amplitude of wave I and wave IV as they represent the
development of the peripheral auditory system and the central auditory system,
respectively. We performed a Mann-Whitney U test on latencies and amplitudes of wave I
and wave IV between low-LG and high-LG pups. We found low-LG offspring had
significantly shorter wave I latency (1.64 ms in low-LG pups vs. 1.68 ms in high-LG
pups, n = 39 and 50, respectively, P < 0.05, Figure 7B) and wave IV latency (4.80 ms in
low-LG pups vs. 5.98 ms in high-LG pups, n = 39 and 50 respectively, P < 0.01, Figure
7B) compared with high-LG offspring. However, no statistically significant differences
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were found in the amplitudes of wave I and wave IV (P = 0.96 in wave I amplitude, P =
0.74 in wave IV amplitude, respectively, Figure 7C ).
A
A wave I latency
B wave I amplitude
a wave IV latency
b wave IV amplitude

B

C
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Figure 7. A, Representative ABR recordings using click stimuli in low-LG and high-LG pups
on P21. Roman numerals indicate waves I-IV. B, Summary of the latencies of wave I and wave
IV at 82 dB, P21 in low-LG and high-LG offspring, asterisks indicate statistically significant
differences between low-LG and high-LG pups (Mann-Whitney U test; *P < 0.05, **P < 0.01).
C, Summary of the amplitudes of wave I and wave IV at 82 dB, P21 in low-LG and high-LG
offspring, n.s. indicates no statistically significant differences between low and high-LG pups
(Mann-Whitney U test; P > 0.05). Data are mean ± SEM.

3.6 Early eye opening in Low-LG offspring: percentage of pups with
startle response
Aside from a correlation with auditory system development, maternal LG behavior had
an impact on the timing of eye opening. We found that the percentage of pups with eye
opening increased as age increased between P10 to P18 in both high-LG and low-LG
litters (Figure 8A). To quantify the difference of eye opening in pups from high-LG and
low-LG dams, we fitted the data in Figure 8A with a sigmoid function and obtained the
A50 value (age at which 50% of pups had an eye opening). To further identify whether
A50 value was correlated with maternal LG behavior, a scatter plot analysis was
performed to verify whether the A50 value is correlated to maternal LG behavior. A
significant correlation was found between A50 values and LG scores (r = 0.52, P =
0.0394, Figure 8B), indicating that variations in maternal LG behavior are implicated in
the onset of eye opening. To further quantitatively assess the difference of eye opening
between low-LG and high-LG offspring, we performed a Mann-Whitney U test on A50
values. Comparison of onset of eye opening in low-LG and high-LG offspring showed
statistically significant differences (13.97 in low-LG offspring vs. 14.59 in high-LG
offspring, n = 7 and 9, respectively, P < 0.05, Figure 8C).
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A

B

C
Figure 8. A, Differences in development of
eye opening of pups from 10 high-LG
litters and 8 low-LG litters. B, Scatter plot
shows a significant correlation (r = 0.52, P
= 0.0394) between maternal LG behavior
and eye opening. C, Summary of A50
values of eye opening in low-LG and highLG offspring, asterisks indicate statistically
significant differences between low-LG and
high-LG pups (Mann-Whitney U test; *P <
0.05). Data are mean ± SEM.

Discussion
Although a previous study found that manipulation of maternal care on sensitive
postnatal period accelerated hearing development (Adise et al., 2014), the relationship
between maternal care and hearing development was unknown. The reason is that
maternal care behaviors were not measured directly and the role of manipulation in the
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development of central auditory system was not determined. In our study, we tracked
maternal care behavior during the postnatal sensitive period, which enabled us to evaluate
natural variations of maternal care by measuring the frequency of different behaviors
including LG followed by selection with LG scores higher or lower than one standard
deviation from the mean (Champagne et al., 2003). We obtained several high-LG and
low-LG dams from three selection experiments and we found statistically significant
differences in LG scores between three selection experiments. These variations in LG
scores may be due to natural variability of different dams used in three selection
experiments. They may also be caused by the smaller sample size of third selection
experiment compared to first and second selection experiments. Development
assessments on hearing development of selected high-LG and low-LG offspring showed
for the first time that maternal LG behavior is associated with the timing of hearing onset.
Specifically, pups reared by dams with low LG scores had earlier hearing onset compared
to pups reared by dams with high LG scores. Furthermore, changes were not specific to
auditory development because we found evidence of earlier eye opening in low-LG
offspring compared with high-LG offspring. These findings suggest that variations in
maternal care are more likely affecting general sensory system development rather than
exclusive auditory system development.
Analysis of ABR thresholds showed differences between low-LG and high-LG offspring.
Specifically, thresholds in pups reared by low-LG dams were significantly lower on P14
compared with pups reared by high-LG dams. Comparison of the exponential time
constant τ of ABR thresholds between low-LG and high-LG offspring showed no
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significant correlation between maternal LG behavior and τ, indicating similar
development of middle-ear cavitation ear canal clearance in low-LG and high-LG
offspring. Because the level of middle-ear cavitation and the clearance of fluid from the
middle ear have been recognized as critical steps for the hearing development in rat
(Moore and Hine, 1992; Adise et al., 2014).
To better understand the role of maternal care in the development of the auditory system,
we performed statistical analysis on amplitudes and latencies of wave I and wave IV of
low-LG and high-LG offspring. Statistical analysis showed significant delayed wave I
and wave IV in high-LG offspring compared with low-LG offspring. It indicates that
maternal care is associated with development of both peripheral and central auditory
system. A possible cause for the correlation is that maternal care regulates auditory
development by affecting myelination levels in the auditory system. Because it has been
shown that myelination is essential for controlling central conduction time of auditory
pathway and ABR wave I-IV latencies decrease with increase in myelin density (Johnson
et al., 2008; Kim et al., 2013).
For rats, the first two postnatal weeks is a sensitive period for the development of
auditory system (Knipper et al., 2000). To our knowledge, our results showed for the first
time that variations in maternal care during a sensitive postnatal period were highly
correlated with hearing development in Wistar rats. It is surprising that we found low-LG
and high-LG offspring showed significant differences in both peripheral and central
auditory system. However, the mechanism by which maternal LG behavior regulates
hearing development is unknown. We suspect that variations in auditory development
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may be experience dependent. Maternal LG behavior is a main source of tactile
stimulation during early postnatal period and can affect the function of endocrine and
cardiovascular system (Schanberg et al., 1984; Levine et al., 1994). Therefore, the
differences in auditory development may result from the variability of endocrine system
function regulated by maternal LG behavior. For example, as a representative endocrine
hormone, thyroid hormone can be regulated by maternal LG behavior and thyroid
hormone is required for middle ear and inner ear maturation so that it is essential for
auditory development (Tolan and Leventhal, 2017; Cordas et al., 2012; Dror et al., 2014;
Knipper et al., 2000). In addition, these differences may result from variability of
cardiovascular system function which can be regulated by maternal LG behavior.
Because inner ear is sensitive to blood flow and it was also found that cardiovascular
function can influence both peripheral and central auditory system (Hull et al., 2010).
Aside from being experience dependent, variations in auditory development may be
determined by the expression of some genes. It was found that natural variations in
maternal care can affect the expression of genes regulating behavior of offspring such as
stress reactivity and this in turn will explain differences in behavior (Meaney et al.,
2001). Therefore gene analysis on auditory system in both high-LG and low-LG offspring
may enable us to identify the role of variations in maternal care in gene expression during
auditory development and provide us a better understanding how maternal care affects
hearing development in Wistar rats. Understanding the underlying mechanisms that
maternal care affects auditory development provide insight into developmental plasticity
in auditory system as well as brain.
!22
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